ABTope30HaHCHbifi cojihtoh h HaKanKa c 
y6biBaK)in,eH aMnjiHTy^oft 
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AHHOTaiJIlSI 

£^ , BbiBefleHO ypaBHeHne rjiaBHoro pe30HaHca b nacTHBix npoH3BO,a,HBix b 

oflHOMepHoii cpefle npii BcefleHCTBiiii BHenmeit chjibi c Mefljieimo MeHaio- 
meiica MacTOToii - HecTanHOHapHoe HejiHHeiiHoe ypaBHeHiie IHpeflHHrepa 
c BHeniHeii cnjioii. ITpii t — > oo nocTpoeH rjiaBHbift MjieH jiOKajiH30BaHHoro 
b npocTpaHCTBe pacTymero aciiMnTOTHHecKoro peineHHH c cojihtohhbim 
npotpHJieM b rjiaBHOM nopaflKe. OKa3ajiocb, hto pacTymee no BpGMGHH 
(-H , acHMnTOTHMecKoe penieHHe mcokct 6bitb nojiyneHO fljia BHeniHero bo3- 

CS |' 6yyKp,ennn c y6biBaioineH aMnjiHTyflofi. BbiBefleHBi Heo6xoflHMBie ycnc-BHa 

pocTa TaKoro peineHHa npn flHCcnnaHHH. 

B pa6oTe nccne/ryeTCJi acHMnTOTnnecKoe penieHHe ypaBHeHira 

- id T ^ + + (\^\ 2 - t) ^ + F - = 0. (1) 

3to ypaBHeHHe onpeflejiaeT orH6aK>inyio o/niHonHoii MO^bi njiocKOH bojihm Ma- 
jion aMnjiHTyn,Bi b cjia6o HejiHHeftHOH cpe^e c bhciiihiim ocuHjijiHpyioiiiHM bo3- 
, SyHCflenaeM, nacTOTa KOToporo jthhchho mghhgtcji. 3to ypaBHeHHe mojkho pac- 

CMaTpHBaTB KaK o6o6meHHe HejiHHeiiHoro ypaBHeHHH IHpe/pmrepa [TJ [51 [3] , a 
TaK»ce KaK aHajior H3BecTHoro o6biKHOBeHHoro ypaBHeHHH rjiaBHoro pe30HaHca 
[H [5] h KaK HejiHHeiiHoe o6o6m;eHHe ypaBHeHHH jiOKajitHoro pe30HaHca [6] . 

C TOHKH 3p6HHH npHJIOJKeHHH B <pH3HKe Ba]KHO H3yHHTb aCHMnTOTHHeCKHe 

CBOficTBa penieHHH SToro ypaBHeHHH npn 6ojibhihx r h BbmejiHTb pacTynpie no 
r h jiOKajiH30BaHHbie no £ penieHHH, ecjin TaKOBbie cymecTByiOT. B CHTyaniin 
o6mero nojiojKeHHH cymecTBOBaHne pacTym,nx penieHHii OTKpniBaeT nyTb k rc- 
Hepan,HH yeflHHenHOH bojihbi KOHenHoii aMnjiHTyznj Ha aBTope30HaHce. PaHce 
6bijih nojiyneHbi acnMnTOTHnecKne cpopMyjibi fljia reHepainiH orn6aiOHi,eH b bh- 
, ,n;e cojinTOHa HejiHHeiiHoro ypaBHennn IIIpe/niHrepa Ha jiOKajibHOM pe30HaHce 

aBTope30HaHca H3BecTHt>i b 6ojibnieii CTeneHH HHCjieHHbie pe3yjn>- 
TaTH no reHepan,HH KHOHflajibHbix bojih 6jih3khx k cojiHTOHaM [5] ITDj h no 
ynpaBjieHHK) napaMeTpaMn cojinTOHa KaK KOHenHon, TaK n Majioii aMnjiHTyznj 
c noMombio BHeniHen HaKanKH [121 llll 1 1 3 j . 

CxeMy Bbmofla ypaBHeHna ([T]) npHBefleM, BOcnojH>30BaBinnci> ypaBHeHHeM 
sine-Gordon. YpaBHeHHe sine-Gordon HBjiaeTCH nonyjiapHoii MO,a,ejibio npn nc- 
cjie^OBaHHH yeflHHCHHbix bojih b pa3jiHHHbix HejiHHeiiHbix cpejj,ax c flncnepcneii. 
YneT BHeniHHx B03MymeHHH cpeflbi npnBOflHT k pa3jiHHHbiM BapnaHTaM B03My- 
m,eHHH ypaBHenHH sine-Gordon. B npefljiaraeMoii pa6oTe H3ynaeTCii 3apo?Kjj,e- 
Hne yeflHHeHHOfi BOjiHbi - 6pn3epa b B03Mym,eHH0M ypaBHeHHH: 

u t t - u xx + sin(u) = e 3 fcos(S) - e 3 fiu t , < e < 1. (2) 
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cpa3a B03MymeHHH S — kx + u)t — £ 2 i 2 /2, iyje w 2 = k 2 + 1, k - npon3BOjibHbiH 
napaMeTp. AMnjinTyzja B03MymeHHH - /. 

Bo3Mym,eHHoe ypaBHeHHe ynHTbiBaeT, HanpHMep, cjia6oe BHeniHee bo3- 
fleiicTBHe. B npncyTCTBHH cojihtohob b CHTyainiH o6inero nojiojKeHHH napaMeT- 
piiiecKoe B03Mym;eHHe npHBO/niT k H3MeHeHHK> napaMeTpoB ye/nmeHHbix bojih 
Ha 6ojh>ihhx BpeMenax. 

Pe3yjibTaT pa6oTBi coctoht b cjieflyioineM - nocTpoeH rjiaBHbin njieH pacTy- 
mero no r h jiOKajiH30BaHHoro no £ acnMnTOTnnecKoro penieHHH ypaBHeHHH ([T]) 
npn y6biBaiom,CH KaK \j\fr aMnjinTyn,e naKanKH F. AHajior 3Toro acnMnTOTH- 
necKoro penieHHH ji,.jih o6biKHOBCHHoro ypaBneHHH rjiaBHoro pe30Hanca 

i % b' + {\%b\ 2 -r) % b = F, (3) 

cooTBeTCTByeT cnennajibHOMy peniennio: 

ip = ^e ia , F = *e te /(2Vr), a e R. (4) 

1 MoTHBHpOBKa 

,Hjih jinHeiiHoro o6biKHOBCHHoro ypaBneHHH 

y" + V = gcos(t + b) 

CKopocTb pocTa pe30HaHCHbix penieHHH onpe^ejiaeTca HHTerpajiOM ot aMnjin- 
Tyn,bi HaKanKH g(t). 

H3BecTHO, hto cymecTByiOT aBTope3onaHCHbic penieHHH ypaBneHHH ^ pac- 
Tymne KaK y/r npn F — const, cm, HanpHMep, o63op [5]. 

y^HBHTejiBHbin (paKT - cyinecTBOBamie penieHHH (0] ypaBHeHHH rjiaBHoro 
pe30HaHca ([3]), KOTopoe pacTeT TaK »ce 6biCTpo, KaK aBTope30HaHcni>ie penie- 
HHH ypaBHeHHH c nocTOHHHOfi, ney6biBaioineH HaKanKoit F. IIo cym, penieHHH 
ypaBHeHHH ^ npn F = const mojkho paccMaTpHBaTb KaK B03MymeHHH cnenH- 
ajibHoro penieHHH 

D,ejii> npefljiaraeMoii pa6oTbi - nocTpoHTb cojihtohhbih aHajior cneniiajibHO- 
ro pacTymero penieHHH fljin ([T]), KOTopbiii 6bi hbjihjich rjiaBHMM njieHOM aBTO- 

pe30HaHCHOH aCHMnTOTHKH. 

2 BbiBo^i, Mo^ejibHoro ypaBHeHHa fljia aBTope30- 
HaHca 

B 3tom pa3flejie npHBe^eHa cxeMa BbiBOfla HejiHHeiiHoro ypaBHeHHH cojihtohho- 
ro aBTope30Hanca. 3Ta cxeMa noBTopneT H3BecTHbin cpopMajibHbiH BbiBOfl HejiH- 
HeiiHoro ypaBneHHH IIIpe,zniHrepa ji,jih cjia6oHejniHeHHbix bojih [TJ [21 [3] . IIpH- 
Beji,eHHbie hhjkc BbiKjiaflKH o6 r bHCHHrc>T noHBjieHHe HeaBTOHOMHoro cjiaraeMoro 
b HejiHHeHHOM ypaBHeHHH fflpe,zniHrepa h cbh3h 3Toro cjiaraeMoro c MO/iyjiH- 
poBaHHOH nacTOTOii BHeniHero B03MymeHHH ypaBHeHHH MaTeMaTHnecKoe 
o6ocHOBaHne npHBej^eHHoii 3ppcb cxeMbi bo3mojkho npn nej^aHTHHHOM cjieflOBa- 
hhh [14J. 

AcHMnTOTHnecKoe penieHHe c Majioii aMnjiHTynpii 6yneM CTponTb c noMO- 
mbio MeTO^a MHornx MacniTa6oB. Bya,eM cnHTaTb nepeMeHHbie x, t 6biCTpi>iMH, 
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a nepeMeHHbie t\ — et, x\ — ex, t 2 — e 2 t - MefljieHHbiMH. ,3,jih 3Toro BBe,a,eM 
6biCTpbie n MefljieHHbie nepeMeHHbie 

u(x, t, e) ~ eui(x, t, x\, t\, t 2 , e) + e 2 u 2 (x, t, x\, t±, t 2 , e) + e 3 u 3 (x, t, xi, ti, t 2 , e). 

(5) 

3aBHCHMOCTb ot 6biCTpbix nepeMeHHbix h MefljieHHbix jth,o6ho pa3/i,ejiHTb, ocTa- 
bhb 3aBHCHMOCTb ot 6biCTpbix nepeMeHHbix h Majioro napaMeTpa TOjibKO b b 
cpa30BOH nepeMeHHofi S: 

ui(x,t,xi,ti,t 2 ,e) = A(ti,xi,t 2 )exp(iS) + c.c, 

Tflfi c.c- KOMnjieKCHO conpajKeHHoe cjiaraeMoe. 

Ilpn e 2 nojiynaeTca HeoflHopo/nroe ypaBneHne ,njia u 2 : 

dttu 2 - d xx u 2 + u 2 = {—iud tl A + ikd Xl A) exp(iS) + c.c. (6) 

3aBHCHMOCTb ot 6biCTpbix nepeMeHHbix b MHOJKHTejie exp(zS') H3 npaBoft ia- 
cth 3Toro ypaBneHHH coflepjKHT penieHne oflHopoflHoro ypaBHeHHa pjin u 2 . Ta- 
Kaa npaBaa nacTb npiiBOflHT k pacTymnM no 6biCTpoii nepeMeHHofi pemeHnaM 
ypaBHeHHa fljia u 2 . Tpe6oBaHHe orpaHHieHHOCTH u 2 no 6biCTpbiM nepeMeHHbiM 

npHBOflHT K ypaBHCHHK) flJIH A: 

ujd tl A-kd Xl A = 0. (7) 

PeineHne 3Toro ypaBHeHHa - npon3BOjibHaa cpyHKirna ot xapaKTepHoii nepe- 
MeHHOii £i = kt\ +0JXi. B pe3yjibTaTe yTOHHeHa 3aBHCHMOCTb u\ ot Me^,jieHHbix 
nepeMeHHbix x\ h t\\ A = A(^i,t 2 ). 

B nopaflKe e 3 nojiynaeTca ypaBHCHHe: 

d 2 t u 3 — d xx ii3 + U3 = / cos(5) + —u\ — 2iu>dt 2 ui + d^ui — 2t 2 ujui — ivu)U\. (8) 

,Hjia orpaHHHeHHOCTH u 3 no 6biCTpoii nepeMeHHon t Heo6xo/niMO HCKjnoHHTb 
cjiaraeMbie, cooTBeTCTByioiniie peineHHaM o/nropoflHoro ypaBHeHHa H3 npaBoii 
nacTH. B pe3yjibTaTe nojiynaeTca ypaBHeHne fljia cpyHKHnn A. 




IIepeo6o3HaHHM t 2 = r h c/i,ejiaeM 3aMeHbi: y2k>£i — Ci A{t 2 , £1) = 2y/uj 1 i'(T, Q, 
F = f /(8y/ufi). B pe3yjibTaTe nojiyHHTca ypaBHeHne ([T]). 3to ypaBHeHne aBjia- 
eTca o6o6m,eHHCM HCjinHeiiHoro ypaBiieinia IIIpe/niHrepa pjisi aBTope3onaHca c 
/niccnnairncH. 

3 AcHMnTOTHHecKoe penieHne Mo^ejibHoro ypaB- 
HeHHa 

^jia Toro, HTo6bi y6e^,HTbca, hto sto ypaBHeHne fleftcTBHTejibHO HBjiaeTca mo- 
flejibHbiM fljia cojiHTOHHoro aBTope30HaHca, Heo6xo/niMO noKa3aTb, hto oho pp- 
nycKaeT pacTymne peniCHna c cojiHTOHHbiM npocpnjieM. 
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,Hjih HCCjieflOBaHHH pacTymiix npn r — > oo peineHHH yflo6HO cflejiaTb 3aMe- 

hh: 

* = \j 2v / 2o : </)(ct, z) exp(-ia), cr = t 2 /2, z = v^C- 

IIoACTaBHM 3Ty cpopMyjiy b ypaBHeHne. ITocjie HecjiojKHbix npeo6pa30BanHH no- 
jiy^iHM: 

ida<t> + d zz <P + 2\(f)\ 2 <f> + exp(icr) + -1^ = 0, (10) 
r fl c^-F/(2^2). 

B pe3yjii>TaTe nocTpoeime aBTope30HaHCHoro peineHHH npn cr — > oo cbo^htcs 
k HCCjie^OBaHHio peinenHii B03MyineHHoro HejiHHeflHoro ypaBHeHna IIIpe/niHre- 
pa. IIocTpoHM Hey6biBaioinee acnivinTOTHHecKoe pemeHne npn a — > oo. Jlflsi 
npocTOTbi 6yn,eM ctpohtb peineHHe c oflHOCojinTOHHbiM rjiaBHtiM hjichom. Ilpn 

nOCTpOeHHH yH,o6HO BOCn0JIb3OBaTBCfl H3BeCTHbIMH pe3yjii>TaTaMH TeopHH COJIH- 

tohob [mnBun]. 

ByneM HCKaTb y6biBaioinec npn \z\ — > oo peineHHe B03Mym;eHHoro ypaBneHHH 
POP c rjiaBHbiM HjieHOM b cojihtohhom BH,u;e: 

2i?yexp(— 2inz — ifi) 
™ ~~ cosh(2?7z + V)) 

IlapaMeTpbi cojiHTOHa 6yn,eM HCKaTb b BHfle: 

77(a) ~ % + 0{a- 1 / 2 ), k{o) ~ «„ + 0(<j-^ 2 ), 

(k 2 + r ] 2 )ds + fl 1 (a), Cl^a) ~ 0(a 1/2 ), 

Jo 

V~8[ Krjds + Vi(a), V x {a) ~ 0{<r 1/2 ). 
Jo 

fljia Toro, hto6h bbihhcjihtb napaivreTpbi B03Myni,eHHoro cojiHTOHa c yxa- 
3aHHOfi 3,a;ecb tohhoctbio, mojkho BOcnojib30BaTbCH flByMH 3aKOHaMH coxpane- 
hhh. C noMombio CTaHflapTHOii npone/iypbi BbmefleM ypaBHeHHa fljia 3bojik>h,hh 
napaMeTpoB. PaccMOTpHM conpa?KeHHbie ypaBHeHiia: 

d <T <t>-id zz <t>-2i\<j>fcl)-ih = 0, (11) 
d a ^ + id zz ^ + 2i\cj)\ 2 ~$ + ih = 0. (12) 

Ymhojkhm nepBoe ypaBHeHne Ha tp, BTopoe Ha if), npocyMMHpyeM nojiyneHHbic 
ypaBHeHHa h npoHHTerpnpyeM no Been BemecTBeHHon och z. Ilpeflnojiaraa y6bi- 
BaHHe penieHHH npn 6ojibniHx \z\ H npHHafljiejKHOCTb peineHHH Kjiaccy L2, no- 
jiyHHM: 

d f°° r°° — — 

— \(j)\ 2 dz-i (h<f> - h(f>)dz = 0. 
^ J— 00 J— 00 

IlocTaBHM cpopMyjiy fljia rjiaBHoro njieHa acHMnTOTHKH b HHTerpajibHoe tojk- 
flecTBO? b pe3yjibTaTe: 

4— ~ i [ {h4>-h(j))dz (13) 
ds ./_™ 
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H3 acHMnTOTHHecKofi (J)opMyjibi pjia rj 11 cbohctb opToroiiajibHOCTii penieHiiii 
jiHHeapH30BaHHoro ypaBHemia fflpe/nmrepa |17| cjie^yeT, hto: 

/oo 
{tifo -h<j>o)dz ~ o(s" 1 ). (14) 
-OO 

06o3HaHHM nepe3 h HeBH3Ky: 

h = id a (f)o + d zz (f) + 2\(f> \ 2 (/) + ——. - exp(ier) - i—. 
Bbihhcjihm HHTerpaji (|14l) : 

F n „ ± + " / jr e - _ _ J= e -- M ^ e 



a a 3 / 4 cosh(2?7z + V) cosh(2^z + V) 

cos(kX/t]) dX 
cosh(X) "277" 
77 7r| J" I cos (er + arg(J r ) — /cV/ry + fi) 
a 



CT 3/4 C0sh (^ 



06o3HaHHM A = |J r /<T 1//4 |. Tpe6oBaHHe i?o ~ npiiBO,zniT k flByM ya/iOBiiHM. 
Bo-nepBbix, OTCyTCTBHio ocuhjijihuiih: 

a = arg(J-) + a - kV/t] + ~ 0(1), 

hto b rjiaBHOM flaeT: 

4(^+ % 2 ) = l. 

Bo-BTopbix, acHMnTOTHnecKoe paBCHCTBO ^aeT: 

A7T sin(a) 



Em,e OflHO ypaBHemie ^jih BbrancjieHira napaivieTpoB cojniTOHa nojiynaeTca H3 3a- 
KOHa coxpaneHHH HMnyjibca pjin HejiiiHeimoro ypaBHemiH nipe/pmrepa. Ymho- 
jkiim pip Ha d z 4>, ypaBHeHHe ()12l) na d z (f>. BbiHTeM H3 nepBoro nojiyneHHoro 
BbipajKeHHH BTopoe 11 c noMOin,bio HHTerpiipoBaniia no nacTHM nanyiiiM: 

d r°° - f°° - - 

— / d z c/xj>dz + i / (hd z <f> + hd z <f>)dz. (15) 

B (popiviyjiy (|15p no^CTaBHM BbipajKeHiie fljia rjiaBHoro njieiia aciiMiiTOTiiKH , b 
pe3yjibTaTe, Tax a:e KaK 11 Bbiine, nojiyniiM: 

d f°° - - 

8— (n/s) = / (hd z <j) + hd z (f>)dz. (16) 

IIoflCTaHOBKa aciiMiiTOTHiecKHx (popMyji fljia 77, k ^aer: 

/•oo 

/ (hdzfo + hd^dz^ois- 1 ). (17) 
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IIo^CTaBHM cbopMyny pjisi h b (| 17[) . YHHTMBaH cbopMyny fljia npoiiSBO^HOH 
d z 4>o = —2iK(f>o — 2?70o tanh(2r;z + V)), 

nojiyHHM: 

H i = ( (-2iKh4>+ 2iK(h)(j}\ dz + 

J — oo 

(-2?7/i^tanh(2?7z + V) - 2^710 tanh(2r/z + V)) dz = 

) 

-2kH + I (-2r)h<f>t&Tih(2r}z + V) - 2r)h(j)timh(2r)(z + 4ns + Vi))) dz. 

J — oo 

H3 Ho ~ cjieflyeT: 

U x ~ - / Ae la '— tanh(2?7z + V) 

V cosh(2?7z + V) v 7 



Torfla: 



Hjih 



. sm(reX/77) tanh(X) 
4?7Asm(a) / —, — — - — -dX. 

1 , cosh(X 



A7rsin(a) 



cosh ( ffi 



/toAsin(a) 



cosh fe) 

B pe3yjiBTaTe nojiyHHM ciiCTeMy ypaBHemiH /jjiji napaMeTpoB cojiirroHa: 

a ~ {0,tt}, 
% = ± 7 V' 

4(/e§+Tjg) = l. 

06o3HanHM: = kq/ijo b pe3yjii>TaTe nanyHiiM: 

1 cosh(^) , 

7ft) = ±—== , A — K 2 J= 18 

V2(M 2 + 1) ^2(M 2 + 1) 



4 BjIHHHHe ,Z],HCCHnai],HH 



PaccMOTpHM ypaBHeHne ([T]) npii v > 0. A™ <py HKn > HH H nepeMeHHHX cr, z 
HexoflHoe ypaBHeHHe npiiMGT bh^: 

+ d z A + |0| 2 + + i^=<f> + i ^ = °- ( 19 ) 
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B 3tom cjiynae ,zniccHnaTHBHoe cjiaraeMoe c napaivieTpoM v h BHeniHHH ciraa JF 
,n,aiOT ypaBHGHHH fljia napaMeTpoB cojiHTOHa b BH^e: 

2^7?o 1 7rjJ]_cos(a) ^ Q 
^ - V4 cosh(^) 

OTKyn,a cjie/ryeT, uto npn a — » oo h iioctohhhoh aMnjiHTy^e J 7 napaMeTp % 
y6biBaeT KaK ct^ 1 / 4 . Cjie^OBaTejibHO, nocTpoeHHaa acHMirroTHKa ^ = C(l) npn 

T — > OO. 

Poct acHMnTOTHiecKoro peineHHH coxpanaeTCH, ecjin pacTeT aivrnjiHTyfla bbi- 
HyjKflaromeit chjim, a hmchho npii T = ©(^er 1 / 4 ) hjih KaK 0(^/t) b TGpMimax 
HCxoflHoii nepeMeHHOfi. 

Heo6xo^,HMOCTb pocTa aMnjiHTy/nj B036yjKfleHHH pjw coxpaneHHH aBTope- 
3onaHca fljia pciiiCHHH /rpyroro rana 6bijia H3BecTHa paHee [?, 118|. 



5 3aKJiK)HeHHe 

JXjw ypaBHeHHH rjiaBHoro pe30HaHca b nacTHbix npoH3BO,zni:bix ([1} (HeaBTOHOM- 
Horo HejiHHeiiHoro ypaBHCHHH IUpefliiHrepa c BHeniHeii CHjioii) nocTpoeH rjiaB- 
Hbiit ujieH pacTym,ero, KaK ^ l /a, acHMnTOTnuecKoro pemeHHH b cojihtohhoh cpop- 
Me. OKa3ajiocb, hto pjin aBTope30HaHCHoro pocTa cojiHTOHa iipcTaTOHHO BHeni- 
Heii chjim c y6biBaK>meH, KaK 0(1/ y/r), aMnjiHTynpii. IIoKa3aHO, hto npn flnc- 
CHnarn-ra fljia pacTymero acHMnTOTHnecKoro peineHHH Heo6xo^uiM pocT BHeniHeii 
chjim KaK Oiy^fr). 

Bjiaro/i,apHOCTH BbipajKaio npa3HaTejibHOCTb C.T. Tjie6oBy 3a mhotohhc- 
jieHHbie o6cy>KfleHHJi. Pa6oTa BbinojmeHa npn noji^epjKKe POOH 11-01-91330. 
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